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SUMMARY

The problem of dynamic stubility of attaching two fighters to
the wing tips of a bomber was consilered in detail. In particular, the
crose of two F-8/ airplanes on a2 B-50 bomber w:s investigated.

The equatlions of motions ;ére derived for two mctﬁods of attach-
ment, single-joint, and two-joint attachments. Due to the complexity of
the problem mathematically, distrubed moticns were treated independently
in pitch, in roll and in yaw. [he stability of the assumed system was
checked by the Routh-Hurwitz Discriminants.

Tne elevator and the ailercns were considered in the single-joint
attachment to constitute the auto-control in the fighters. In the two-joint
attachment, aileros or flaps were moved symmetrically to provide change of
wing 1ifts on fighters. The moveaent of the control deflection in response
to signals of both the amplituds and the rate of change of flepping angle
about the hinge or joint was assumed to be instantaneous. ZEffect of vary-
ing auto-pilot parameters, and relative c.g. locations from the hinge axis
wag Studied..

It was found that stability of' the single-joint attuchment eus
marginal if auto-controls in the fighters only werec allowed. Inclusion of
auto-pilot control in the bomber or even manuel control from bomber pilot
greatly improved stabili®y of the coupled flight system. S*ability of the
two-joint attuchment was found to be positive even whén auto-control in
fighters only were considered. The relative merit of the two wethods of

attachment can not be weigned until loads &t the joints are determined.

i e
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It is pcinted out that the analysis made in tnis report was done
on the basis of rigld airplanes. The effect of elastic deformation or
flexibility of the wing struecture, which presents another mode of vibration,
may be critical from the standpoint of both the stability of the combination
and the strength of the bomber wing. Tnis phrse of the problem should be

considered in thie near future,
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Dynemic Stability of Bomber-Fighter Coupled Flight -

Introduction

This report deals with the problems of dynamic stability of
attaching two fighters to the wing tips of a bomber for the purpcse of
increasing the rénge of the escorts. Dr. Vogt in Ref. 1 showed that
the benefit derived from the incre:sed aspect ratio of the bomber-
fighter team practically counter-balunced the additional drag of the
fighters. Consequently, the range of the bomber was not thought to be
impeired. It was assumed that this result was generally accepted, and
it remained to show theoretically that the combined flight was feasible.

In the free-flight tunnel of the NACA, a simplified test,
fundamentaly similar to the bomber-fighter combination, was made. The
fighters i the form of tip wings were attached to the bomber in such a
way that pitsiidng and yawing of the fighters relative to the bomber were
restrained. It was demonstrated th;t stable flight was ath;ined only
when flaps on the wing tip wings were linked so5 as to move in *he pro-
portion to the angular displacement of thc tip wings relative to the main
wing. In the analy<eis contained herein it will be shown that stability
is easily achieved with such an attachment.

In this report, stability analysis was made [or two me thods of
attachment, Theme are: (a) single-joint attachment, and (b) two-joint

attachment. In the single-joint attaciiment, the figh?ers are free to

pitch and to roll, and partially free to yaw. Each fighter is attached
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| to the wing tip of the bomber at one point only by a socket and lance arrange-

ment, This method of attachment has the advantage of small torsional load

introduced in the bomber wing if Ltha joint is located near the elastic conter
of the wing structure. Control of fighters to fly in aligmment with bember !
wing mey be accomplished by standard control surfaces of the fighters., In
the two-joint attechment, the fighters are free to roll or flap about the
wing tip joint only. Since the fighters are reatrained‘in pitch and yaw,
larger loads would be expeéted on the bomber wing. Controls may be afforded
by moving flaps, flaps and spoilers, or by symmetric movement of the ailerons.

Clearly, some redesign or re-rigging of the control surface systems is

necesaary in such cases, i

It will be shown that witn either methods of attachment, the systen of
bomber-fighter team is unstable without auto-pilot control in the fighters,
For stability, elevator and aileron deflections proportional to the wing
misalignment angle and the rete of change of wing misalignment angle were
considered. The effects of center of gravity locations of the fighters and
of the bomber relative to the axis of rotation of the fighters were also
treated,

In writing the equatlons of motions, it was assumed that the speed and
the altitude of the bomber remained essentially constant, It was also assuned
that the pitch, the roll, and the yaw motions can be treated independently,
Only the linear part of the differential equations were retained for

stability analysis. In a separate report, the motions of the airplanes in

gust disturbance were computed taking into account the non-linear teras,
These non-linear terwms come principally from the centrirugal forces, It
. I will be shown that these non-linear teras are negligible but improve

stability slightly rendering tne analysis presented herein somewhat on the

i

| conservative side,

S-.-72 [
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Notations and S:.abolp

Tne standard definitions and symbols used in aerodynamics have been

retained in this report. The XYZ axes with origin at the center of gravity

of the bomber are a set of orthogonal axes fixed to the body of the bomber;

the xysz axes with origin at the center of gravity of the fighter, fixed to

the body of the fighters.

a4

mass of the fighter air, lane, slugs

Polur moments of inertias, slug - ft.2

Subscripts witn capital letters refer to the bomber
lower-case letters to the fighter

radius of gyration, ft.
Bomber wing - semi-span, ft.
Fighter wing - somi-span, ft,

Distance from flapping axis of the figiter to the 1lift
vector of the fignter wing, ft.

Distance from bomber pitching axis (c.g.) to the
fighter pitching exis (the joint ninge), ft.

Distance from fighter pitch axis {ninge) to c.g. of
fighter, ft.

Distance from MACenter of the fighter wing to fighter c.g., ft.
tail length of the fightar, ft.

roil angle of the bomber wing-plane from horizontal
plane of tie space axes, rad.

flap angle of the fighter wing-plene from the bomber
wing-plane, rad. (relative coordina}e)

pitch angle of the bomber wirg-plane from the horizontal
plane of the space axes, ra..

e e o S
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O = pitch angle of the fighter wing-plane from the horizontal

x o <9 B

=

plane of tne gprce auxes, rad.

yaw angle of the bomber wing from the vertical plene X2
of tre space axes, red.

relative yaw angle of the fighter from the bomber, rad.

Sumretion of incremental fighter wing 1ift caused by
dicturbed motion, 1lbs,

Summation of incremental fighter tail 1ifts caused by
disturbed motion, 1lus.

External rolling disturoerce on combinstion, ft, los.
External rolling disturbance on figlter about Linge, ft. los.

External pitcling disturberce due to arti-symmetric gust
on figh-er, ft. lbsa.

External plitcning disturbance on combination, ft. 1lbs.

Externul pitching disturbarce on bomber, ft. lts,

Externel pltcliing disturbance due to symmetric gust on
fignter, ft. los,

External rolling disturbance on fighter, ft. 1lbs.
occurring with ;4tch motion,

External yawing disturbance on combination, ft. lbs.

External yawing disturbancé on flghter, ft. lbs.

Fighter fuselege pitcliing moment due to angle of attack
change, ft. lbs./~nd.

’
Fighter wing-gres, f{t.
Level flight spned, ft./sec.
Dynamic pressure, lbs./sq. ft.
Conrol deflection, rad. (NACA conventiorpf signs)

auto-pilot rate control rutio

Auto-pilot displicement control ratio

Report No._EUR-F7cs5 102
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Subscripts:
w - wing t - tail
e - elevator f - fleap

a - allerons

Subscripts § , '67 /’_3 , {5 , O, & etc denoue partial differntiation with
ol ~ L

. ——— c{'c..,et.c.

e:; ’ &(}

respect to the variables, as L¢ ’ LfS etc., etc, =

Pceitive direction for angles, velocities and accelerstions, and distances of
tuo forcas are indicated in Fig, 2 wiich s .ows scnematically the two projosed

metnods of coupling considered,

—

B o
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e ol e




RIPLBIIC @ a8 s2770% Report No._F PR-F90S -102
CORPORITION Page No__ 10

Date

F t Condition for aestigation

1 Appendix A contains data on the cruisihg altitude and true airspeed
for the best range of B-50 airplane, which is to be used to form the bomber=-
fighter team witn two F-8, airplanes. Fig. 1 shows the cruise speed as a
function of the altitude for cruise., It is unfortunate that no information
was made avallable on the actual range of the bomber as a function of the
cruise speed and cruise altitude., It 1s conceivable that the stability of
the coupled flight woull be more critical when the cruise altitude was high
because the aerodynamic damping and restoring force would be relatively
smaller than the inertia forces. For the purpose of analysis, an altitude

of 25,000 ft. and a cruise speed of 300 mph (260 knots) true were chLosen.

Masg D H
Design Gross Weight, 1bs, - - - - - - - - 120,000 14,600
Design Mass, Slugs - - — - - - — = — — -~ 3,730 noe== 53,4
Moment of Inertia, slug-ft.2
Iyx - - = = = - == — — == - — 1,712 x 103 14,280,.3
S L T - - 1,000 x 103 18,594.8

3
_______ 2,712 x 10 31,717

P e e 5.61
| by« e 3 6.41
‘ T RERP—. 8.36
, Ky — -~ — - — - — -

S$—.-72 !
iewv, 2749

e o e E——) )

P

il




RepemIIC @ I ERLL A . Report No. _EDR-£F405 -jo2

CORPORITIOY Page No 4 ‘__
T Date_.

Physical Dimensiong - Pertinant Data:

Semi-apan, ft, - - - - - - - R = 71.7 r * 18,3

Wing Area, ft.2 - - - - - - 1720 S =260

wir e 12.87 ¢=7.39

Tail Length, ft. - — — - - - 51 Il-18.11. :

'
)
o8

Design L,G, Locetion: % MAC el = 28 f
[}
From Hinge at Joint, ft, A " 2.25 c = L5912 !

Neutral Point in Pitch : % MAC - - - 34 3% |
i

| A

Ring Center of Pressure Locatiop % MAC 25 25 i
Distance from c.g.: ft. - - - - - - — d = .2217 ﬁ

J

i

= 440 f*/sec §

VPR )

§ = 1035 Lo/t
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Aerodynamic Forceg and Momentg

In estimating aerodynamic forces and moments on the bomber and the

fightere, an investigation of the effect of muturl interference among the

airplanes due to induced flow phenomena of the combined planfora of the
wing was maude end the results are reported in Ref. 2. This lnvestigation
is concerned only witin the 1ift forces on the airplanes due to various

symmetric end anti-symmetric mcdes of flight. The aerodynamic moments of

the fuselages were assumed to be not influenced by the induced flow,

1. Fighter King Lift - L,

(a) Due to Change of Angle of Attack of Fighter Wing, X

Ly % = 2 . o5 9%
x o & o %

The oCy, /O9X is obtained from the spanwise 1ift calculation by consider-
ing the B-50 bomber at fixed attitude and varying the angle of attack of

the fighter F-3, as a symmetric twist configuration.

acx,'
A

= 4.439 per radian ( Ref. 2, p. 22 )

L'“ k4 1..[.39!103.5X?&).06
[ 9

+ 119.4 x 10° X e 1bs.
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The location of the center of pressure from the wing tip joint is:

a‘oc = 17.95 ft. (Raf. 2, p. 22 )

(b) Due to Change of hngle of Attack of Bomber Wing, B

. 9 = S 2 CL' . .
L'B q oY §

From similar calculations in Ref. 2, p. 2!

Ly 5 103.5 x 260 x .8455 . 8

b

22.8x10° . § - 1vs.

-he corresponding lever arm from the joint is

W, T 967 ft.

(¢) Due to Rolling Velocity of tne Bomber, #

R q
L'¢. s -9..91_v__. (Ref. 2, p. 2 )
- -92.91 x &S = 2 .85 x 10° 1b. /red.
440
The corresponding arm is
e_. = 17.62 ft. (Ref. 2, p. 12 )

i

PR
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(d) Dye to Rolling Velocity of the Figme;,]}.

L,, = =207 (Ref. 2, p. '2 )
. v
z 20071 x 3%2:2
440
3
a  =4.271 x 100 1b./rad./sec/
The corresponding arm is
tl,..5 = 21,6 ft,
f

Tne fighter wing 1ift, therefore, is:

For roll motion

Ly = (119.4 X -21.85 ¢ -1..971/5 ) x10° 1Ib. Eq. I

For pitch motion

L, = (119./.0(-1..871/'3 { 22.88) x 100 1lbs, Eq. II

2. Fighter Tai) Lift - L,

(a) Due_to Angle of Attack of Fighter, O

d€
by F CN‘oc (1= Qo ) 7y «qa .« S

' = 3.49 (1= .47) x .95 x 103.5 x 48,3

z 8.784 x 103 1bs:}'/ ragd.

O S

Lo

S =-i-712
‘e v, 218§
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(b) o ownw ag, o<

Lv. s CN, .« S¢ . 1¢ Ty . d€ . q
tx Ntu. t t /7 d0C /&/

! T 3,49 x 48.3 x 18.14 x .95 x .47 x 103.5/440

'_" 321.1 lb./l‘ad 0/8800

(¢) Due to Damping-in Pitch of Bomber, @

Ly: = Cn s . S .1t K :
s Tt

T 3,49 x 103.5 x 48.3 x 18,14 x 1,1

40 A/95
=  811.4 lb/rad./sec. ]
!
In the roll motion, it may be shown that |
& X ¢+ E =nxe AL g oI po
-2 v |
« X ¢ 20458 ' .01.159/3 d

v E
' 1
) B = -
' tg CNLO( q S . Rer 1
v
]
i t
|
i - 0 i
i 2 3.49 x 103.5 x 48,5 x 240
|
i s -3.568 x 103 1b./rad./sec.,

v. 2144
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(e) Mﬂaﬂm&&ﬂm.{s
L - £ S
t - s N o t « q . £
p tx v

=3.49 x 48.3 x 103.5 x 18-3/440

-725.5 1b/red./sec.

(f) Due to Elevator Control Deflection, ée

L - C S
t N Sy .q
S ts

9.448 x 103 1b./red.

Tne fighter tail 1ift, therefore, is:

For the roll motion:

1.89 x 43.3x 103.5 (X5 = .538)

O Lto-(d * Lté'_é ¢ Lt¢.4’ 'LtPF Ltsy, - ge
= 8784 x 100X ¢ 1,1325x 100 % ¢ 165.9 § ¢ 33.75[3
-3.568 x i0° g -725.5/5 +9.448 x 10° 3, Eq. III
For the pitch motion:
Ly = P78/.x10 X + 1.1325 x 10° oco.o3375x10/3
-.7955:10/3°9u.e 108 Eq. IV

e Sy
- BT z o A

e g+ =
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3. -in Rol] Moment

(a) Due to Kolling of the Combination, ¢’

* -31.56 x 10° Uy (Ref. 2, p. 10 )

Ly

-31.56 x 10° 5 103.5/ 440

6
-7.423 x 10 ft. 1bs./red./sec.

(b) Dye to Flapping of the Fighter, P
. 6 .
L: = '-4,021 x10 Yy (Ref, 2, po i1 )

=  <4,.021 x 106 x 103.5/440

6
S =.94574 x 10 ft. lbs./rad./sec.

4. Pighter Fyselage Moment in Pitch

-~

The fuselage moment of the fighter may be determined by the neutral
point of the fighter at 34% MAC which is assumed for the condition of flight.
For c.g. location of 28% MAC

. (dCw) . 4
nFoc qQSc (3 CL) <

)
)
1 €
;ﬁ <1-%—>°2J

(7
<= 198.9 X 10) [(-006 -003) 401638 * 30‘9 X

48,3 x 18,04 x (1 =.47) .9§]
260 7.39

79.86 x 103 ft. 1b./rad./sec.

LCONT

L ' ' J

@i

.-
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5. _Static Restoring and Damping Moments of Bomber in Pitch

(a) Restoring Moment, o

The restoring moment of “he bomber is detsrrined from the
neutral point location of the B-50 airplane at 3% MAC (Appendix A)., For a
design c.g. locatlion of the B-50 at 26% {AC,

“9 : ch'Cms = gSc [.26-.31.] CLB

103.5 x 1720 x 12.89 x - ,08 x 5.101

- 6
-.93478 x 10°  ft. 1b./rad.

(b) Damping -in- Pitel, l(é

Appendix A contains data on B-50 airplane from Boeing Aircraft
Company on damping-in-pitch,

N. H .S.C‘c-
6 q me

i
~f mph V ft./sec.

(@}
"

JooM: o om o 103.5 x 1 ' -1
; 103.5 x 1720 x 1289 ( o )

6
=+71337 x 10 ft. lbs./rad./sec,

i

| CONFIDENTIAL
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Ls, = «q S5 b

- 01146 X 10305 X ?(:0 X 36.5

3
T 112.56 x 107 ft. 1b./rad,

7. Yawing Moments of the Bomber

gtatic Stability Momepnt
(a) Static Stab Momept, NYB-SO

In the absence of wind tunnel data on the bomber, the i

yawing moments of the bomber were estimaled: :

Estimated Cy = -,1775 per rad. (-.0031 per deg.)
B-50

N_ = qQ S b CNY

103.5 x 1720 x 141.5 x (=,1775)

4,465 x 10° rt. 1b./rad.

(b) Damping Moment, N
) ng ’ YB-SO

IR T ;
A |
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Since the directionul stability of an airplare comes

"3
5
R

neipelly

from the vertical tail surface, it may be assumed that

N. = l‘ . N
Y8-50 vV Ys-so
6
e —2d (-4.465x 107)
440

6
-C.518 x 10 ft. lbg/rad./sec.

8. Yawing Moment of tne Fighter

From the wind tunnel data of the F-8, sirplane (Ref. 3), it is found

that
Cn‘ff s =.1318/rad. (-.0023 per degree) ’
Cnp = ,170/rad./sec. (-.00297 per deg. per sec.)
N . C S b
Yr-g. ny 9
. -.1318 x 103.5 x 260 x 36.5
/ :
6
= -.1298 x 10 ft. 1lbs./rad.
Ve
. = b
NYF : = Ch, . q S.
- ,1‘ w
: -7 x 260 x 2057 | 2033
2 440
6
= -.00696 x 10 ft. lbs./rad.
]
2z NY = -.518«x lOb + 2 x (-.00696) x ]06 = «,532 x 106
6 6 6
ZN\%, S =4.465 x 10+ 2 x (-.1298) x 10 = <4.725 x 10

e — i - = s e

. -

g —

(Y

e
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CASE A - Sirngle-Joint Attachmant

| a of tions of Motio

i 1. Roll Stability

Degrees_of Freedom: (dependent variables)

Roll angle of bomber: g
Roll angle of fighter: /3

Pitcn angle of fighter: (X

Since ali vurisbles are angles, the equations of motion are
moment equationa, In writing these equaticns, one equates inertia moment
to moment due to external forces. The external forces are'due to disturb-
ances and also aercdynamic forces. The inertia moments are cue to mass of
the fighter, m, moving relative to bomber body axis which in turn rove
relstive to space axes. One may write down the cowponents of the inertias
as the vector sum of relative, entrained and complimentary accelerations by
the theorem of Corislis{ or one m'y write Legranges equation using ¢,/3’O(
as generallzed coordinates,

The locsticn of tne center of mass of the fighter, P in Fig. 2,

is deterrined for given § and /3 by:

x

R cos ¢ §rCos(¢+/3) (1)

<
'

Kaing@g 4r sin (f ¢ /3 ) (2)

S--77
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Their time derivatives are: X

X =-R§s-n4> - r(4>+'P)sm<+«p)
y = RCosd ¢ r@apicachen
Tnerefore,
2 22 g I3 .2 .
VieX ey =RE o4y 2R (peprcosp - - - - - 3)

The Kinetic Energy, T, of the system is

.2

T = .i.I $ 4 mRz+"- + m(l(z+r‘l)(§o(5)z+ ZmRr#a(t#M Y)Y Cos B - - )
2 'x " , preesp

In # Equation,
ST _ 2 2 2 . o
53 —LX‘? c2mRG + 2mck + 4 -+ 2mRr (24 +f)Cosp
d

3(%) =I)d> t Zm.Qlcf + 2m Lki+r2)£éf fP‘) + E.mR.r‘(?-%f}i)“S/)

-2mRr (2+{3 +/§z) s'.np

Tnerefore,

5[11 Zm.(kszr Rz'r 2+ ERFCOS/S)};{; s Zm{kz}r‘(grzcosﬁ* "')} )3

Mon\erds

s 'z . !
-Z2mRr (2[5(*: 4 l(j) S'n./i = {:E—,)&ev’r\a\ 4 Aercd)'rumm} o - (j)

- -

' » LI

e

L Sp cooegime oot e

= 5o e

aal. .
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In F - equation

e 2 . A
3—(5 = ZWL([(‘T rﬁ)(?#f})ﬁ EMRr“?COSF

d 3Ty oA g L
dt(c),@}—amm"*r“f*f})* 27»\KT‘<1:C05P..2_M!'Z,-¢P5..\/3
& . A
aszKxJ”-(RC”F*"‘%f t 2 (K4 r)f%
oT A SRR
;—('3“'—“ —Z.MI’ZF L? -+ #\P) S’».F

Therefore

2

r 1. > oo >
Z_vx.ka+ r*(ch«:s/%H'?IT + l’m(k;")in) “+ 2‘”\[2"#5 2’)‘\[5
| i

-

= ( Exfernal and ,QG"Cdeld"\l-C- fv1omenh}

S s - (6)

e
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Bomber-Roll Equation (¢ Equation)

There are several ways with wuicn the @ - equation may be derived.
l It may be obtained by considering the system in its entirety or it may be

obtained by considering the reaction force at the joint from the fighters,

Because of the manner with which the aerodynamie damping moment are
computed by spanwise 1ift caelculation of the combined planform, it 1is

convenient to consider tne system in {ts entirety. It may easily be shown

that by subtracting the /} - equathon from the ¢ - equation, the bomber

{ roll equation may be reduced to that obtained by considering the hinge

reaction at the joint,

: For small deflections of ¢ and , |
il.f Zm[k;(rurﬂ}(g + Zm[ki* r(R+ r‘)]{3 - amR"(Z‘f’P‘/’ )./3 |
=t L?? + LPP + 2R 2 (Lor LY —----- -

where I, = Troll disturbance moment

Lg ~ darnping-in-roll

Lw = Fighter wing-1ift due to disturbance

Ly = Fighter tail-1ift due to disturbance

Fighter F ing Equatiop - {3 -equation
T

.. . . 2
/m[kzlfr(flﬂ’)}c? + m(kxf rl)[B t mR"‘F'ﬂ
T L R D S e - (8)

§
where ay * distance the wing-lift scts from hinge point,

AL}

1
!
l
\
!
l
l
l
l
l
l
!
!
!
l
!
!
1
!
l
l
1
!
l
1
l
l
l
!
l
!
1
!
l
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Flghter Pitch Equation - ejuation

' Referring to Fig. &, it is seen that

[joc = Lyd + Rpc v Mg - FOTEE R R (9)

Tp express this equntion in devendent variables only, it 1s .

necessary to write the expression for the reaction force at

the hinge.

. .. ”
RF - "Z(L.,,’ Lt\ t mr/3 + "”'I(RCMP-*")? + MR SH\P

o e . ettt e e e

for small angles,

. .z l
RF“"Z<Lw+ Lt),mrr: +mU{fr‘)? + 7&&?[3 - - - - - (10)

e e - i o =

Substi tuting,

o . 2
IJ&-mc(lbry# ~ mcrp - mcfhpr;

Mt draZly, - cerlpzbyr M X
< w e (1)

It will be noted that the alrplanes are assumed to be
fnitially balanced and trirmed, i.e., the wing 11ft on the
fighter equals to its welght, etc. Hence, the sravity term

does not appear in the equations, i

4

$=~.-770
fav, 2799
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2. Pitch Stebility

Degrees of Freedom: .
Pitch of Bomber : f
Roll of Fighters : /3
X

Pitch of Fighters:

Here, the reaction method ies used in deriving the equations of |

motion, It is noted that in tuis cuse Y 1is the absolute angle, and X-8

is the relative angle, In Fig., 3, all the acceleration or mass forces are ]
snown by tne tneorem of Coriolis. It is assumed that tne airplanes are
separated at tnis joint. At tnis joint, there ir a reaction force which
may be found by summing up sll the forces, inertia, axternal and sero-
dynamic, in the direction of the Y axis of the space axes. Dropping

external fcrce for “he time being, one writes

. . L3 .2 1 )
R_= ”LFr-m(COQfAB)-mP}BP + mlco s ABYX - Z(Lu* Lt) ﬂ
i .
e e - ()

wnere A ® c.g. location of bomber forward of the hinge

¢ = c.g. location of fighter aft of the hinge,

Bomber Pitch Equation - 8 - equattion

“=M )_l'(~ﬂ+f\/1'91""1"9,
IYYB e T F § 6 .;

Substituting RF in above equuation, one obtains
. e e 5 2 .3
(1“,+ 2mA) 8 —?.m.Ar{} + 2mACX ¢ zmatrp"',s-(cy.f,s.e,nj
= M+ M0t M- 2A2(Lr L) - (13)
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r Fla o /3 - ecuation

Taking moment about tﬂe wing-tip joint of all the forces on

the fighter, one finds

2 z.. . . ot .
mk + r)/} =Z'Lwaw+ rZ Ly t mArCIr g + m(xX-p)Cr

.2 S .o
_mJ (A0 + Cw-8)3 2c/x-pgrx + L,

where L2 = external disturbance moment on fighter,

Tnerefore
2 .o o 80 2 .2
m (ko r)p - mArk - merX + m[Af +CX]r &
, - - - -
- L, t LL“‘JCKN + ZLt == sl (14)
Fighter Pitch Equation X - equation '

Taking miment about the center of grevity of the fighter, remeaber-

ing the reaction force eicludes load due to external forces wnich effect are

included in MQ.

L% =42l -L2lr Rec v M

,
+ hql

F

Substituting Eq. (12) in above, one obtains
2y 3 n 5y o':‘Ab-‘)O(J
(L mE)X + mACH -merf 4 mrpp- e

':Mz* Mh;oc + (d-c)ZLu—(c% lpZ{_f

e

P . o
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3. Yaw Stability
Degrees of Freedom:
Yaw of Bomber : ﬂy

Yaw of Fighter: T

This cese is over-simplified. The reason for tnis simplification
is that a system of four degrees of freedom wouli have to be considered
since tae roll or f{lapping of the fighter is always accompanied by pitch
of the figater. In view of the time limit of the contrast, and of the
lack of electronic computing device it is felt that this simplification is
necessary.
It i8 also believed "hat although the yaw stability considered
does not represent the actual flight, it is indicative of the stability of
of the system, It will be seen that thie system assumed is inherently stable,

Therefore, rudde: control is not believed necessary.

Tne equations of motion are similar to the case of roll stability.

They are:

Corbined Yaw-Equation:

o T . .. 2
%Ill.’ Zyn[k’;?(uﬁ\vr)z}]\'r' T 27,\,Isz."<r<i ’57 - Z’”-Rr (‘:*‘f‘JT+7 )T

=N, + Z"QY*ZN&Y R zr\l\r-‘r +2N4, 2 A (16)

F-84 £-84
w Equa :
5 2 2 - R : . .
'm[kzz, r(&rﬁ\p m(kzi' "T+ mRryy - .\J|+ ALF;(.:?J) + N%.B}W*T) ‘_ - UY)

In thess equations, \y is'the yaw angle of bomber, and | is

tne relative yaw angle of tho fignter away fro: the bomber, 20 Fig. 4.

i i

PRy TR 2
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The consideration of stabllity is made by treating the homogeneous
part of the simultaneous differential equations; i{.e. wnen tnere is no
forcing function or zero external disturbence, Ir general, the so called
characteristic equation is of sixth degree for a system of three-degrees of

freedom and is of the form
aoDGf a1D5+ 82D4f 83D5¢ 84D2f asD + 36 0« - - - '(18)

For stability, it is necessery for the sbove polynominal to have
no root of positive real part. The criteria for the above condition is

generally given by testing tha so called Routh Hurwitz discriminants (Ref. 4).

81 - a 3 35 0

8¢ 82 a/. 86
0 a8y a3 g
0 a, a5 8,

Therefore, the criteria are:

l

CONFIDENT

|
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ay > 0
al 32 - ao 53 > 0
81 &I‘ - ao 85 > 0

&3 (81 as - 50 83 ) oL 81 (ll 01. - ao 55 ) > 0]

&5 (&1 8? = 80 83 ) = &1 56 > 0

8, &3 (“1"1. - aoa5) - 8031533670

These ccefficients are considered as constar‘mt, the numericel values
of wnich depend cn the serodynamic damping and restoring forces and moments
as well as on the auto-pilot control parameters. For all the cases considered
in tnis report, the criteria above are trested as a function of the design

parameter of the auto-pilots and of tne center of gravity locations,

e e M SRR
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i Stability Anelypis of the Coupled Flight
of B-50 apnd F-84 hirplsneg

In the preliminary investigation, it wag found that stebility of
! tne coupled flight without automatie control was not positive. The analysis
presented nere include, (a) t:e bacic stability wituocut dynamic coupling;

-4i.e., the center of gravity of the airplane sre in line with the axis of '

rotation, (b) the effect of the loc:tions of the center of gravity of the

bomber and of the fighters, and (c) the effect of the automatic-pilot in
the bomber airplene. The auto-pilot controls in the fighter sairplenes are
assumed to te instantaneously responsive to the devietion of the mis~

alignment angle at the joint sccording to the following laws:

Elevator Deflection

Alleron Deflection

§a=ka[5 S @1

The elevator deflection generates pitch rotation for producing 1ift force
, on the fighter through change of angle of attack so as to displace the
center of gruvity or mess of the fighter, Wheress, the aileron deflection
. {

: ]
| may sup,ly the rotational moment so as to reduce the vertical shear loed

transmitted to the bomber wing at the joint,

S-i-12
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1. Ro tabi

Prom Rquaticns (7), (10) and (11) it is seen that the effect
of the c.g. location of the fighter, "c" may be investigated separately
since only the fighter-pitch equation (11) involves "c", Similarly, the

auto-control in the bomber modifies only the bomber-roll equetion (7).

(e) Bagic Stebility - No Lynamic Coupling

Substituting the expressions for aerodynamic forces
and moments in Fq. (7), the bomber-roll ecuati.on becomes
. 2 . 2 1 .. .2
e 2m Ck,t REr)e zm[k;rmz,r)Jr, -2mrar<z+,s+(s)[3
- Loy L L.l 2l 3
LorL,¢ LMs 4 2ULReO D (L L) Lsd a

T _ 2. L2
'YLI-’('.Zuoéy 2~ 534(5.él+90>_q> + 2056} ¢ Qaux;m

22453 4-TIT B (REp DD L =T 4230 10g - 4:7‘2,,0/3
i

*2-"90"’03""3'3% + 3250 1 1659 + 03375,’3 3508‘?

s 7255p + 9.448 (I, fs*K )+ 2 enzsenid (ka/“ <af®)

Re-group terms and introducing D operator,

(9- 0560 + 8065 DY ¢ + -|=~|61> + (|7o.,-|7on|< ?.aclkl)o (I’Iothff 2251 Ks )}P

~(.2039D +23.08)X = L<lo *149‘5(2%#[5)/3
S €42

E It snould be noted that effect of fighter wing on <'F7 f5 are inc uned
in L; and L/ . ,'
i E -

i

i i e . € - S e




meiPe eI @ 28237000 Report No._EP,&;,FZ?(’S Slkoe
CORPORAIIOY Page No 33 e
| Date o

| Fighter Flap Equation

I q e '2 2. ird
ml_k,ﬁ r(R:m;¢ + m (K, 1 e+ mF{r‘;a ,’5
’L.- u~,awrrZL 'LS

2 , —_—— 2 .. .
4534 (561 +183x90) ¢ + 4534 (56 + |8~3)[§ + 453-4“(!7;18.34,2/3
- L, 119.4%17.95% 10« - 21.85 17 62 uo;c%:

-487IXZI.6K103/§, +183x 10 (87840 + 1.1325 &
+ .:6592?' + ogms[i -3.568?- .7255/'3 4+ 9.4487“243
+9.448 KQ'GJ + 11256 x |o3(ka{'5 . Ka/g)

Simplifying,

(71 58D +4503D) 4 +[1.655 D+ <|.|85—|.72.9k ~1-1256K ) D
..(l'(agKefl IZjéKa)]}g ~ (2971 D +23.037) X
-*Lx;o —746<p/3 ————————————— 23%)

Fighter-vitch Equation

For ¢ = o, Eq. (11) reduces to

_Ioc+L_ d -yl r Mg =M
_|8,:aq&, + 2217 (;|9,4o(—21.35;b—48'{‘1/5)
—18.14 [8.784 X + 1.1325 & + 1659 ? 4 05575/3
- 35684 - 7255 + 9 448 (ke v K p)
i +?9-860</ = M.x !03

v o218 |
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Simplifying,

(_3.0094 DZ+59-88D)4> + [—.6'2 Dl* <l2.oal—|71.}9kei D + 171.39 KQ]P
- (18.595 DZ+ 20544 D + 530X = Mn x 163 24y

Characteristic Equstion )

Neglecting non-line¢ar terms, the charecteristic enuation is

-3 0094 D+ 5988 -6!2 i (2081 - 17139 kcy P-1T139K,
D| 758D 14593 1.655 sz(l-lsj-!.'.'aake-—p.I&%’(Q)D ~(T24K, 1 1256KY
9056 D + 8.065 1516 5 +(1.076 ~1 701k, - 225iky) D —(1:701 Ko+ -2251Kp

2

-18.595D -~ 20.544 D ~ 53.0]

_.207‘1 D —23.037 =0- - - - - - -~ — (25)
- 2039D - 2%.08

Expanding Eq. (25), and collecting coefficients in like powers

in D, (p. 2v )

, a, = 65.004
8] = 241,169 - 51,464ke - 157.82kq
(26) - - - - a5 T 485,28 -116.9ke -324.87ky -51.464Ke -157 .82,
a3 = 23.573 ¢ 5637.4ke -667.2kq =116,9Ke =324.87Ke
8, *- 892.2 ¢ 137 0kg ¢ F17.08ka ¢ 5637.4Kq =067.7Kg
k“s T 12750K, ¢ 8l17.08K,4

P ——
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(b) Effect of C.G, Locatlopn

The effect of changing the c.g. location of the fighter
relative to the hinge point is to provide inertia moments in producing
pitch rotstion, This effect on stability may be studied by considering

the terms in .Fighter-pitch equation containing "c*,

imc (’afr)#; + mcrﬁ - S e L{)}x %

.

—Cf4s34-90¢ + 453 4173 f —@:s.nsx—zs.418+-55%5/5
F10325 X 41659 & + 033757 + 9448 (k,p + K )
, ' ) |-

_5(5140.&? D +25 41804 + 8263450 + (<5965 -9.443i<.e>1>-9.qq3!<e]la |

~ (11325 D + 128 18)¢} - - - - ---— - - = - 2]

Tue characteristic equetion (25) is, then, modified by

adding the following determinant to it

2
40.644D + 2548 826345D + L5.57é5—9.448l<=>l> - 9.448Ke
7 S8D 4 4.507 |,655 Dz} ([.185 - \‘729ke-| xa,sbkd)p -(L??.aKeﬂ.leéKa)
9.0569 + 806;) |.516 Dz+ (I.O'?(o-'l ?O?ke'— zas!ka) D ‘(|~701 Ke*-?-ZSl KQ)

~(1.1325D + 128.18)
—(0.2071 D + 2303 (CD =0 ----- -~ - (28)
— (0 2039D + 23.08)

B
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Expanding, and ecolleeting the increments in coefficlents,

A&o - 0
CAay z 2784, C
Aaz = (37.713 -?.183 ka) [

(29) = ~= - -~
Aaj < C (1144756 =6,898 kg «247.7 ka =2.183 Kp)

day = C (80,604 =13.809 ke =505.42 kg =6.898Ke
=247.7 Kg)

Aes = C (=13.809 Ko =-505.42 Ka)

(e} Effect of &uto-Pilot in omber

Tne ailerons of the bcmber may be assumed to deflect in
proportion to @ and #  such tnat stabilizing influence is imposed on the
couplad flight., The increment in %“he coefficients of the charactaristic
equation may be found by introducing two terms in the bomber-roll equation,

namely, kg D & X7 . The detarminant

".(’)IZDaT (12.08] —l7|.39Le)D -171.39 Ke
(k. D+ KD
¢ i i 1.6549 DZ+ (11849 -1 7>91<e~|.ia56‘<a)1) - (l-’{zc}Ker \.'-256@)

~ (11595 D" + 20.544 D +53.01)
—(-R073 D + 2304)

8.2634 D1 + cs,597 —-9.443kc) D —9.448 K<,
-r(‘(‘?D*Kf,)C |
10549 D+ (1243 —1.711{<e—l.17.54, kgd P = ¢ I7x<fK< t 1256 K,)

-[1.1325 D + 128.18) |

S 30)
- (2073 D + 23.04)
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gives the following incremcnis in the coefficlent of the characteristic

equations:

A e Y

Aay = 30.773 kg

day = [(56.16 4 .163 ¢) =32.15 ke -70.931 ke kg + 30.773 Ky

bay = [(123.67 # 72 ¢) (23,174 + 1.275 c)ky  =32.15 K =20.931 K{] kg
4[(56.16 4+ .163 c) =32.15 kg =22.931 k,,] Kg

Aa, = L(-?lf.SB + 73 c) $(3E57.1 =3.9 clke -(59.67 ¢ 1440C Yk,

=(23.124 ¢ 1.775 c)KaJ kg 4[61:3.67 4 22 ¢) -(23.124 ¢ 1,275 c)k%w
-32.15Ke - 20 931 Kq
Aas - [(3»‘57.1 3.9 e)Ke =(59.67 4 144 ¢) Ka ] kg
*[(-235.52 4 23 ¢) # (3857.1 = 3.9 elkg = (59.67 + Lk ¢) ka
- (23324 + 1,775 ¢)K, | - Ky

D>
»

o
"

[(3857.1 -3.9¢)Kq = (19.67 4 144 c)Ka] Ky

The coefficients given in Eq. (26), (29) and (31) may be combined.

After dividing them by a, = 65004, tnese characteristic equation coefficients

become :
8 = 1,0
ay * (3.7101 4 .00428 c) = 7917 k. =2.427% ka + 4734 k§
as * (7.4654 ¢ .5802 ¢) =1.7984 ke =(4.9976 ¢ .03358 c) ko
~.7917 K¢ = 2,479 Ko ¢ {(.864 + 0025 ¢) = 4546 ke
322 ke ] kg 4 4734 Ky . .‘,
a3 = (3626 + 1.7577 ¢) ¢ (86.724 =.106]1 c)ke =(10.264 4 3.8109c)kq

-1.7984 Ke -(4.9976 4 .03358 ¢)Ky + [(1.903 4 .3384 c) ,
~(.3557 4 .0196c)ka =.4946 Ke =.372 Ka] g ‘
+[-864 + .0025¢ -.4946ke -.3?2ka] Kgs
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a, T (-13.7252 + 1.240c) + (211,52 -.2124c)ke + (12.5697 -7.775¢c) ke

= $(86.7243 - .1061c)Ke = (10.264 4 3.8109¢) Ka *
[(-3.3157 + .3539%) ¢+ (59.34 - .06c)ke ~=(.918 4 2,215¢c)ka
~(.3557 4 .0196c)Ka | kr + [(1.903 4 .33846) (3557 ¢ .01960) K,

: = 0109106’(9 b 03?.2 Ka] K¢

| a5 = (211.52 - .2124c)Ke + (12,5697 = 7.775¢c) Kq +

! +{(59.34 - .06c)Kg (.918;' ?.?15c)!(a] ky +

o +{(-3.2157 4 .3539) 4 (59.3¢ - 0bc)ke - (918 4 2.215¢)k,

-(.3557 4 .01%c)x,,] Kg

8 = [_(59.31. - .C&%)Ke - (918 ¢ 2.215c>Ka] Kg

In the testing of the stubility criteria in accordance with Eq. (19),

tho parameters:

! Auto-iiot of Bomber = k¢ y K¢
Auto-Pilot of Fightsr = k., , Ky
ke 5, Ky

L.G, Locetlion . ¢

must .be studied

5—1.72

iev , 21N I
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2. Piten stabidity |

The equations of motion (13), (14) and (15) msy be written
in such a way that the terms containing A and ¢ are separated from those

which do not. Equrtion (13) becomes

— e v —————

§ (10 -M; D =M 8} +2{ma’s - mAr’;@' - mACK + A 3 (L Ly)

e e e e i

- M,

Substituting,

(16 5 4+ 71337210°D + 93478)8 + 2§453.4 A6 - 45342183 A3
4534 ACK 1 ALI0] 12818 + 11325 & + 03375 5

-5.59656 + 22.88 + q.448 <l<e)b, ' Kc{s)]} =M.

=3 2.2
%DZ* 113310+ .93475)6} t {09065‘ O AD 0456 A) 8

+ A[—.oubsa DZ—(om%-.olaaLe)D +.0189 KC]I{S

+ A[—,aoéaxl(;} co + 2.265;“63[) + .'25637]06}

-

=M.x|0 -_— Y —_ = - = - = - =" (32')




" RIP: BEIC @ 823770 Report No. EPR-1905 -102

CORPORIIIOY Page No 40

Date

U R ———

Let
| a,= D%+ 0,71137 D + .92478
a,= O
a,= 0
ai= .9068x10° ASDZ + ,0456 A
as= A[-.0165202 + (.0189k, - .011193)0 + .0189x4

- <
.9068x1C AC D + A(.002265D + ,25€37)

The fighter-flap equation (14) msy be rearrunged to give: |
O =T 2 . . - [ mcr.o.( =
'}’m.(l(**f‘)[B -ALNCLw-Y'.,_.Lt* L'Sas‘i} ?‘M-Are + LZ

Substituting,

i .—z __2 ..
, 5455 4(57€1 + 18.5 ){5 - (119.4%17.95 X - 4.871x21.6 p

+ 22.8%9.67 B )x 10 - 18.3 [&.784 s 1.1325 & + 03376
. .7255{3 iy 9.448(kef34 Kefa)] + 112.56x10° (k&[34 xaja)
e

2

2
j- 4.1724 8 + [1.6549D + (1.1849 - 1-720k, - 1.1256k,)D
- (1.729K, + 1.1256¥, )]F + [-.20725D - 22 04] oc}
+ §-.0e2074D" § - .08297 CD "o} = 1,x 2070

———— i L

= Seas oo (33)

S-.-108
ev., J/%9
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Let

b, = - 4.1724

b} = - 082972 A D*

b, = 1.6549D% + (1.1849 - 1.729%, - 1.1256k, )D
- (1.729%, + 1,1256K, )

bé-O

by = - (.20725 D + 23.04)

b = - 082972 C D

@ ———

The Fighter-Pitch Zquation (15), after rearranging, becomes

1 %M -dZL 1 EL +{mACh-mCrPamC 1Tl s Ly} =M
J I I - ’ ‘

Substituting,

§18.595 679 860 = 2217 (1194 - 48713 +22.80) + [8.14 [8784 X
\ ! I, {

+ 1.1325 X 1 .C3275 —.7255/:5 + 67.448 (kQ}fS il Kc[ﬁ] }

J

+ 1453 ACH - 4534 x33CH + 4534 Xy ¢ (230K

+1133506 1 22.80 +.03375ﬁ —5-5945{3 *7-446ﬁ€{3
| 4 ﬁ.448f'<e(5]} = M, x 10-3 ?
j
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§—5.0548 8+ [62D + <n‘139|<<—1z,oa>o HITI39KIB + [18.575 D
|

+2054 D +53.01] o(} + {(.4534 ACDl + 22.8C) B

z b3
+[-B235C D +(.448k,-5.5965)C D+ 9. 448 Kec)/z e[ 453400 + 12843 c]oc}

’ , )
M' == bac3 - (:al)-s + bZCB - bSC2 - k}cz = bBCl/

M3_ _a;bz + O‘z,.bj 4 0253

<35)

= M, x T D
SRS 2>
Let
c, = = 5.0548 s
¢ = .4534 AC D + 22,8 C
¢, = «612 D + (171.39k, - 12,08)D + 171,39K,
¢, = c[-e.zs:ss o4 (9.448k, - 5.5955)D * 9.44ewc]
¢y = 18,595 D + 20.54D + 53.01
¢, = .4534 ¢’ 4 C(1.1325 D + 128,18)
The characteristic equation is
Lo ra; a,+ a, az+ Qg
bl bt boeb|=a o -
C, t¢C C,+ Cp (s + €5
Tuis'determinant may be expanded by minor as:
A = (aﬁ“:’)M. - (b + bf;r\/(l + (c,+ ¢pMs
where
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After expanding and term-collecting, the following cons'ants for the

polynominal is obtained:

8o

a2

33

LA

25

aé

30.773 » 05078 « .061.6902 . .OOZAAz

(78.105 - .8045¢c .11895c2 . .00517A2)

-(37.1%1

14.22¢c) ke - (20,931 « 5103c? + .01898A7)y,

(192,49 ¢ 21.37¢ 0.11?402 4 12014 ¢ .0096.&2 + ,000657AC)

-(22.929

10.144c)k, = (3F.05 + 1.2747c & .36Le”+.7209647) 5,

-(32.151 = 14.22c)Kg = (20.931 « .5103c2s .1898A%)K,

(-74.8 4 37.8c o 068052 « .Z72A + .01233A%e ,000733AC)
4(3827.1 & 9.343c - 009D Ke = (95.777 4 145.19c * .477c2)
*(95.727 ¢ 145.19c  .477c? & .9545k & .05411A & 006061 AC)kg

-(22.929

10.14he)Kg - (36.05  1.2747c + .364c2 ¢ .02096A )Kq

ke
(-38.15 + 36.862c ¢ .7053A + .001AC) # (2751.6 -2,818c ¢.000324))

-(64.177

>

104.13c & 1.06728)k, 4 (3P27.1 + 9.343¢c -.0649)Kq

=(95.727 ¢ 145.19¢ * .477c ¢ .9545A ¢ ,05411A + ,006061AC)Kg

(=c01.45 & 21.453c o .ES06A1s .0C07AC) +(3605.6 - 3.6924c

3.3 - .D03ZAC) ke - (55.776 & 134.87c & 4.1798A)k,

4 (2751.6 -~ 2,818¢c ¢ ,00032A)Kg = (64.177 & 104.13~ +1.067740)K,

(3605.6 - 3.6924c - 3.3A - .0032hC)Ke' - (55.776 & 134.%7c

¢ 4. 1798.&)1(&
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Effect of Auto-Pilot in Bomber

It will be shown that stability of the coupled flight is difficult
to obtain if the bomber were left uncontrolled. The effect of the auto-pilot
control in the bomber should be more cffective since the controls on the
bomber are more powerful than those of the fightc¢rs., The introduction of
auto-pilot in the bomber modifies the Bombe: -pitch equation by adding two -

terms .

(\<BD + 1K) 8

; )
where Ke and |"<B are proportiuvnal, control moments respgonding to the
rate and the displsacem 'nt changes of the pltching angle of tne bomber. The

characteristic equation (35) is, then, modified by adding

(k. o 4 'r<5> M,

b=
whare iy is the first minor ir the expansion of the deterrinant. The incre-

mental coefficients are:

Aao - 0

cay = (30,773 & 05078 + .061.69«.-2)1(8
say = [(56.152 - 32.15Vk, =20.931ka) * (14.22ke - .8407)c
+(.0728 - .5103ka)c2J ke . (30.773 ¢ .05078c + .0646%2)1(9
Aay = [(123.66 + 007k = 32.151Ky - 23.12k, - 20.931%a) ¢ (21.92 14,22k,

-1.2747k,)e - .5103c2Ka] kg ¢ [(56.152 - 32.151k, - 20.931lka)

.

*(14.72k, -.8407)c & (,0778 - .5103ka)c2] KB
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A&A

L(-?lS.Sl s 3F57.1kg - 59.HE8kg * 007K, - 23.12Ka) 4 (22.65
-3.95kg ~144.28ka =1.77L7Kg)C|ky  * [(1."3.66 s .007kg -37.151Ke
-23.12kq -20.931Ka) ¢ (21.92 = 14.22Kg -1.2747ka)C
-.SIOkZKa] Ky

Aﬂs = [(3857.21(9 "59-668](&) - (3o95Ke + 1“-28'(3)(:} kg
*(-16.51 ¢ 3857.1K, -59.668ks + 007Kg =23.12K,)
+ (22.95 - 3,95k, -144.28ka -1.7747Ka)C| K,

A86 < K(385791Ke = 59.668Ka) = (3-95& = 1144.28?(3)0] Ka

In the testing of the stability criteria in accordance with Eq. (19),

the following parameters are considered:

Auto-?ilot of Bomber: kg Ke
Auto-Pilot of Fighters: ke Ko
Ka Ka
C.G, Locations: A and C
}
©
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Discuspion of Hegults

The criteris for the stability in roll ns well as in pitch were investi-
gated simulteneously due to the {act that tue seme muto-pllot in the fighter
must work for both disturbances. Becsuse of the number of persmeters in-
volved, a somewhat system?tic analysis wus made, Values of the rate controls
in the fignter suto-pilot, ke and ko were first assumed., It is, then,
possible to plot a region of steble flight using the displ#cement controls
in the fighter's auto-pilot, K, and Kz ag ec.ordinates. The criteris ay > O,
ajeg- 8,83 >0, aja ;- aga5>0 are equations of straight lines (lincar in
Ke and Ka), and a3(sjaz- as83) - aj(aja;- asue) >0 is the equation of an
ellipse or a h.perbola. Tnue otiier criteils ure rnigher-degree curves generslly
not i-portent,

The order of megnitutue of thLese pursmeters should be ¢stimated. Tnat
fcr tie fighter elevutor moverent, i.e., k, and K; may be estimated from the

elevator angle required to produce lg acceleration in pull-ups,

25w 11 [4Cs T ool (S |
a3 T % Vilae) kit
Se t FREE Hs

where 1, = wing loading = "/- = 14,680/, = 56,2 lbs/3q. ft.

q = 103.5 lel/qu rt.

Ve = teil volume = .454
1, = 18.14 ft, :}
CLt = ,033 per degree |
EP
© = .53 = °%%g
e
IR
Yit |L;Lt‘;:_~_J
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( CM . 3Cp ) free - .03 assuming 3% stick-free margin

)
X
¥
[

-.001 (Ref.3) (per degree)

O
I
%
.

-.0052 (Ref. 3)(per degree)

¢ * .48 e 25,00C ft,

-1.26 degrees per 'g!

Since no high-accelerated flignt is expected in 'a' stable f ight,

tne values of ke and Kg should be less ti.an unity,

Tie largest valucs for k, ard K tiie aileron parameter is in the

a ’
o
order of 3 since the alleron deflection is limited to 18 4in which cuse a

flipping angle of [5 = 15 may be pernitted.

Referring to £4. (30) and (37), the parameters in the bomber auto-
pilot are defined rather loosely. Considering the number involved in the

damping and spring-restoring coefficients in  § - equation, the k_ and K9

]
snould be irn the order of magnitude of unit]; i.2., tne contrvls should ce
able to prc.iuce coefficients in the seme order of magnitude rs the coef-

ficient of the systesm in U and £ without controls. For the same reason,

k¢ and K¢ should be in the order of magnitude of 4.

SONFOOENTIAL
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Tne case of no controls in the oomber was investigated first. For this
cese, it can readily be shown ath the kg < .15 and kg 7 O are required
for stability in both pitch and roll, Table I and Figs. 5 to 10 present
the cases investigated. The areas hatched in on- direction are zones of
roll stability while those hatched in opposite direcctions are zcnes of pitch
stability. Only the values of K, and Kg in the over-lapped aress are
acceptable combin:tlons., It is seen that the stability of the system is
very sensitive to the control paremeters. Witrin the mnge of c.g. locations
likely in the actual system, viz., ¢ * 0O to 1l snd A = O to 3.25, tue

effect of c.g. locations on the stability of the system is relatively small,

Figs 11 and 12 show the stability bouniaries for a given auto-pilot in
the fighters, viz., k¢ * .1 and Kg * .03 using the bomber auto-pilot
parameters k¢, K¢, k9 and KB as coordinstes. Apparently, any combinstion of
positive kf and Kg , and kg and KB would 1m;rove the stebility of the
system. At this point, it was believed that tne bomber should not be left
uncontrolled, To verify this contention, values of k¢ - K¢ * 4, and
ka = Ka ®* ] were arbitrerily aesigned. Tae resulted stability
boundaries for tne pitch and roll disturbances were shown in Fig. 13 and
Fig. 14 for the case ccnsidered. It is evident that the system can be
resiily made steble if judicious auto-pilot or manual controls were pro-

vided in the bomber,

L . M T e e > T g 5o A

o el ol - g ot 5 o cartilies SO
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3, Yaw Stabilitv

i | /z_ I rlz X ey _.2
LIZ+ Zm\sz Zw)]\fl' + ZWLKZTI’(R+")]T -ZmE(QZ‘f?’* 19!

Y ; , v
Y YF-S«} "y
I
2 . !
leqiznc « 2xdsarp 36 4]V 2 atsta (b3l g 3ql Y
~2x452.4 x71Tx167 (24’7*7;'.,‘,: N, —.%22 x, va -4 72),(«# s
-0\3]"X) -—quéx 070’
2
(10120 +.532D +4T25)¥ + (1557 D 1 .01392 D + 259637 |
- LI . 2 [
==N3|o" - l-!ﬁ] (2¥y+ ¥y ) —----- (38) ;
and, P
__._'_' I S "2 f
("L k r R+ r-})"\fl - Tr_(_;\zfr /7 r 'F)L!Z,r\f’ Y . f
=Nt N rt e Ny OF T

1F-84i rF'?“]

> 50 2 2R
l4=3.4 (830 + 183-‘}0)]”\,’/ t 453.4 (B36+i83)%

¢ e 2 é s .
7453.4”:.—( x 83 -f/ A Nl—,océ’Iéx;o SZXD

- 6
- -icj&x'o QRN )

2
(77785 D ¢+ ooé‘féD 12 38/“# + (.1835 Dy, 005760 + 1276)7’
=N 15" - 549 (2 F e
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The characteristic pnlyn-mial for thiz cage in

2
[ 104425+ 5325 4 4725 1557 D' + .01392D + 2596
. 2 ‘ RS
| 7785 D +. b 1298 1835D 4 00b36D + . (398
| T785 006{[D+|17‘ 1335 *007 1
4
| - 645D+ 438 00 7B D0+ 099TID 1579k =0

ot 4 2209 D’ + 2760 p° + 154¢ D 1.8986 =0

The stabllity criterie {or this case occurrec in the classical

treatment of anirnlane stability and is known as *he Roth Discriminant,

~ N

ajasag - a3¢- alzaL > T

2 2
02209 x 2,76 x 1540 = 1546 - 20269 x 8985

It is seen that the yaw stahility with the decrees of freedom aggumed 13
positive, It appears tn.. rudder correcticn in the auto=-pilot in the ]
(]

fighter need not he used,
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Capge B = Two-Joint attachment

1. Boll Stebilijty
i Degree of Freedom:

| Bomber Roll s .&

! Fighter Flep = {3

The equations of motions derived in Case A hold good in t:uis cnse
also. Since the fighter 18 locked such that pitehing of the fighter reletive
to the bomber is not possible, the serodynamic forces on the fighter wing '

and tail as given in Eq. I and III hrve to be modified.

Bomber-Roll # - Equation

§I°+ 2m{Kk, t R+rJ}¥ + ZM[;(t? (R~ r)}l}s. - ZFZr(Z/'ZT} +'{52)/3

=L, 4 L+<{> ; LF}é Ly p

where Lp is the rolling moment provided by the symmetric deflection

of the flaps or ailerons of the {ighters, For the ccndition ccnsidered,
r(: X ‘1( S R
E — 3 M : ) 2. + r)
wlere

K A&f ;
2R

| /

=172
v . 2735
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For the purpose of study, it is assumsd that the flap is full-span,

and d - .5,
%

LF=/\4-437i.5xl035 xZéo)x zxcio K
= 5973 '03Kx 2(Rtr) = lO-YSszo“’K - FT- LB

[|,7|ax103 + 24534 (561?6103]&{5 + 2,453.4[5.4,111 18.3 ‘qo]ﬁ
S2x 453,470 %183 (24 ',2>/3
6 6 I b
= [_o.. 7,413 uof - 94578 x 10 B+ 10.”(52x:o (0N
| | /3

(9.093 D+ 7.4?.} D)c? + (1524 B 4 -614578 D -10.751K)/b
=L,xm‘b-fl.4qs(2fffi*‘a), e .
° s A o

Fighter-Flap 3= aquation
/ :

FProa Equation 8,

2 o 2 - 2
7’1.[ Lx + r(R+ Y)}f 1 771.("(“{ A ¢ ‘mRr ﬁ»/g
=L| + :’_LwQ.NTrE.Lt
where

L =L .a ! “?.”'LS'éf ($ee Eq.1.)
2. ; 34 3
= —Bl.Bsxlocf - 48:/; xw/g + 5973x10 K[}

Ly ==IL5<§ + 33.5,['3' ~3.546x104 -72"0.7/'3 (See Eo IM)

$-.-72
iev, 2749

PR ST S




RepPe BrIC @ «873750% Report No. EDR- F‘i°5*—l 02
CORPORIATIOV Page No 53

Date___

C e e ———— e i

45245604181 § ¢ 4534[56|+'87Jf’> 45"“""1“8>f’/’

3 .
=[-2185 14 a <ig’d -4 870x2 7,
)

\’

]-.
1

7‘;*10 K 3
/
L,

ai
1183 Cils ¢ + 22 SQ’: “2540%10°¢ 720, ‘?{5‘ :
(7.576 D" +43530)4> +(]6‘?”Dfl|849-’°73K)/3 ,
=L, x5 - 47eff>r3 e e e (41 |

The charucteristic equation becomes

7.5760° & 4.353D 1.6570° « 1.184D - 10.72K

"
o

9.09D2 ¢ 7.42D 1.524D° o .94574D - 10.752K

Expanding,

2
p[p3 + 2.63®° 4 (1.327 -4.55/.1()1)-9.:09&(} : 0 1

Using the Routn's discriminant,

2,632 (1.327 - 4.554K)=- 9.,309K > O
3,493 = 2,677k > O

K < 1.305

And

Since the constant term9.309K requires that X be negative, the system is

astable for ell negative values of K.

Select K = -]

i

D/p3 s 2,537 o 5.8810 e 9.309) = 0
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The roote of tnis polynominal rra:
D x 0
D . -2,0112
D = =310, t 2131

Circular frequency, w = 2,13

Period P = ?‘n//co

2. Pitch Stabilit

Degrees of Freedom:
Bomber Pitch s o)

Fighter Flap 2 f5

This equation of motion may ba written down from Eq. (13), (14)

and (15) by locking the pitch motlon of thafighter; i1,e., X = £

Pitch Fquation of the Combination

Equation (13) plus 2 x Eq. (15), and remembering X = b, gives

{1

1YY
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= 2.95 sec. .

e et e i e

[P ——

e
4 2[15* 'm/CfPP]}B —2mr(C+A)/3

4 zmccfmupe - (C+A> e B

=M, 1 M0+ Mgd + 2(d-c-mZlu -2l ~crm2l,

+ 2 M{oc-g
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Substituting values for the condition unaer conalderstion,

2y e 0
{uoooxuo3 + 2“8595* 4524 (3.25+4 .'*9'2)']"9 - 2x4534 183325+ 59:2)3
. /

/ = /
t2x453.4 (325 + 59'2‘[l83(5’>-f3'-25 i 5912) 8 9]
M, --9347 4 xic'y - 13'*7’«!»8 v 272217 -3 25--59")[ Aeﬂmm
7

‘”42-24‘1(6 + 5973 g7 K%1—21:8‘.4*3-7-5*-f>1> BT84 x 10 8
) Jd

4
\

3 .

‘;a .o
t 11325 x 1079 + -05375xf‘~jf - T255%108] + 271 64 6
{

(1.0506 o 4+ 76283 D + 21903) ¢ - ( 0623 D+ 6696 D - 4324 K)/@

, -5 -2 .2
= M x10 - '0637/‘1/3 + 03486 - - - - -~ - ~_ - (42)

Flap Equation of the Fighter

Eq. (14) after f =« o , becones

2 2 - e s
(KA TR —mr(A+C)E + m 731 Cr § B

=L, + 2L,au s r3L,

SR = o .

4534L5.é|r:e-fJ/e =453 4 13 3(3254 5512)8 + 4 34(39*“'2\’:‘8}929
- - 2

L + 1472 4X!0K7959 4.84)(!01’2 ()/31»53 1”0“53;(/5

+183 (8794uoe + 11325 106 4 cyvsno 3 - 7255M0/k)

R P —




csacre rrtees ‘ﬁ, TWEY IR Report N. EFR-F905- 1o

N DY EEEE A "-'—_‘:,,-,- N ;,.‘ { Pans Nea 56
1 'R R » { \_D:J .
Simplifying.
(1.6571 D'2 +1184D -10 93K)/.’3 - (31913 D° + .2059 D+ 2—(.1-5) 8
- .2
=L, 5’ -03i56 6

[4

== == == - (43)

Tne characteristic equstion of tne system {s

2 >
' 1.c596 D +.76283 D+ 2.1903 0623 D+ 06696 D ~ 4324 K

2
31913 D" ¢ 2059 D + 213 16571 D+ 1184 - 1093 K

or
D4¢ 1.437 03 + (led3-C5)2K) n? ( 451 -4792K)D -T.co5K= 0
The Rcuth Ulseriminant, 1.437 (1.643 -6.592K) =.451 # 4.793K > 0 gives

hN < ,408

Since the l-st coefficiert in the polynominal requires that K be

negative, the systen is stable for all negatlive values of K.

—rsn e et

PAUR
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- Yaw Stability

Degree of Freedom:

Yaw Angle = “{J

Tne equation of motion for the cuse with tne freedom of yaw

restrained may be obtained from Eq. (16) by setting Y = O.

f[ +2m(L rZTr)Jy=. . *qu#’

KReferring to Eq. (38) !

)
(10,1207 ¢ 5370 & 4729V = y
!

Tne system is evidently stable., Tse damping fsctor and the circular frequently |

may easily be found.

Damping Fastor a = - 7512 = =.05256
Circular F‘requency, w /_4_1_5_ / “‘1) = 68
4 10-]12 lmz

Pertcd , P = Jn’Ao = 9.2 sec.

LCONFIDENTIAL |
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Conclusions:

1.

2.

3.

be

5e

*'l
1

Stable flight is possible with wing=tip attached F-8/, fighters
cn B=50 bomber provided proper auto-pilot controls are incorporated

in design,

In the single=joint attacgment, the auto~pliot or manual control
in the bomber was found to be required to acquire stability of
flight. IU{ is possible that only elevator movement be used for
control in the fighters, However, this elevator deflection should
respond to both the amplitude and the rate of change of flapping

angle of the fighter ebout the attachment joint.

In the two=-joint attachment, the stabllity is inherently more
stable. Controls in the fighter may be provided by either
mavement of the redesigned flaps or flaps'plus spoilers or

symmetrical movement of the ailerons of the fighters,

Rudder control in the fighters 18 not required in either method

of attachment,.

The effect of c.g. locations of the fighters and of the bomber
relative to axes of rotation of the fighter is not small. For
the practieal range of c.g. location, stable flight e¢an be
expacted, It is advisable that these relativ? disggnces be made
es small as practicable so as to reduce the effect of dynamic -

eoupling.

It is pointed out that flexibility of the wing structure may prove
important. Therefore, its effect should be considered,
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BOEING AIRPLANE COMPANY
Seattle Division
Seattle 1/, Washington

In Raply Refer Tn
Reference No,

E751-1202

Republic Aviation Corporation
Farmingdale, New York

Attentions Mr, R, G, lelrose

Subjects Pighter Tow Date

Gentlemens

On February 3, 1949, at a conference on the subject progranm,

Mr, Do W, Finlay, representing the Boeing Airplane Company, offered
certain data and drawings on the B=50 airplane to assist Republic
Aviation Corporation in the analysis of the matching of the F-84
and 5=50 in a fighter-bomber team, Ve regret the delay in furnish-
ing these data to yovu, and hope they will prove adequrte for the
purpose intended, :

The data you requested is furnished in the following parapgraphs
and in Enclosure A,

(a) Weight and C.G. positionss
Cefe in & Mac,

Wi Wheels Up)
Weight lens fuel and bombs includes
all Tibac modifications 93,798 28,6
Add 10,000 1bs, bombs 103,798 19.2
Add ell fuel excert bomb bay fuel 160,528 23.6

Add all fuel including homb bay fuel 173,668 29,9

Fage 6
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Republic Aviation Corp, Reference
Page Two E751-1502 1
I
(L) Speed and altitude pattérn for tycical missionss
True Airspeacd for
Nelght Srudsing Altituce —Best Range
170,000 10,000 235 Knots
135,000 2 A4 "
100,000 " 186 n
160,000 25,000 260 n
135,000 " 46 "
100,000 n 220 "
14C,C00 30,5C0C 285 n
100,000 n 260 n

(¢) Momen%t of inertis in pitch and rolls !
Design Gross = 120G,000 1lbs,

Cefo t 3 Sta 103503
1/, Chord (Mac) a Sta 430.1

[}
Homents of inertia with respect to mutually perpendicular
axes at 1/4 chord (Mac)

-

Pitching
2

e

Iy-'y a 1000 slug ft
Rolling
2
Ixex = 1712 8lug ft
Yawing
Iez # Ixex 4 Iy = 2712 slug £t2
(@) Aerodynamic damping coefficient 4in roll e - ,0019 Oa , Whore §e
i1s alleron angle in degrees. This coefficient 43 defined as the
rate of change of rolling moment coefficient, with the helix
H

c
angle, pb . 2
2v
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Republic Aviatlon Corp. ' R Reference
Page Three _ 6 i i E751-1502

(e) Aileron effectiveness parameter in the cruise condition, flaps up!

b = .0035 § o
2v

(£) The maximuzm allowable aft c.g. position on B=50 airnlanes is
3% mac. The c.g. position for neutral stability varies with
flap position, power, and speed from about 34% to a much fur-
ther af't c.,g. position,

(g) Airplane damping moment coefficient in pitch & 93.5 —9—,
where & e angular pitch velocity in radians per second and
V = eairspeed in mph,

(h) Rather than attempt to show what loads can be allowed on the
wing tip, the strength of the wing at a number of spanwise
stations 1s shown on the page from Document D=7051 in Enclesure A,
4130 included are the distribution of wing dead weights and the
shears, momen%s, and torsions due to dead weight at a unit load
factor for weight condition D wkhich is a minimum flight weight
condition zixl for welght condition B in which condition the wing '
contains a maximum quantity of fuel., In addition to the weights !
included in condition B, it is possible to add an external tank :
at sta, 533. The tank and fuel weigh approximately 4600 pounds,
Air losd information is not included due to the unknown spen ‘
loading in the coupled airplane confipuration. Drawings fur- |
nished are adequate fcr Zdetermining locations of wing stztions ‘
and loaded areas for calculation of air load shears, moments, ¢
and torsions.

(1) Drewings of the outer wing are included in Enclosure A,

(3) t is physically possible to install a E-50 outer wing panel on -
g a B=20 airplans though some rework of the structural connection ;
and aileron control systems would be necessary, The B=29 wing i
allowable loads ere approximutely 20 percent less than for the
B=-50,

Very truly yours,

BOEING AIRPLANE COMPANY
SFATTLE DIVISION

Lysle A. Wood
Chief Engineer

Enclosure As Drawings and
Data under Shipment Notice No, 16706
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